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SYSTEM FOR SIMPLIFYING LAYOUT 
PROCESSING 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATION 

[0001] This application relates to US. Provisional Patent 
Application No. 60/557,809, ?led on Mar. 30, 2004, entitled 
SYSTEM FOR SIMPLIFYING OPTICAL PROXIMITY 
CORRECTION DISSECTION USING RETARGET. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates generally to a system 
and method for designing integrated circuits or migrating 
integrated circuit designs from one technology node to 
another for fabrication by a semiconductor manufacturing 
process and, more particularly, to a system and method for 
providing simpli?ed layout processing, for example, optical 
proximity correction using retarget, for integrated circuit 
designs to enhance manufacturability and, hence, yield of a 
semiconductor fabrication process used to produce the inte 
grated circuits. 
[0004] 2. References 
[0005] US. Pat. No. 5,858,580 
[0006] US. Pat. No. 6,430,737 B1 
[0007] US. Pat. No. 6,539,521 B1 
[0008] US. Pat. No. 6,625,801 B1 
[0009] US. Pat. No. 6,792,590 B1 
[0010] 3. Description of the PriorArt 
[0011] The semiconductor manufacturing industry is con 
tinually evolving semiconductor device designs and fabrica 
tion processes and developing neW processes to produce 
smaller and smaller geometries of the designs being manu 
factured, because smaller semiconductor devices typically 
consume less poWer, generate less heat, and operate at higher 
speeds than larger devices. Currently, a single integrated cir 
cuit chip may contain over one billion patterns. Consequently, 
integrated circuit designs and semiconductor fabrication pro 
cesses are extremely complex, since hundreds of processing 
steps may be involved. Occurrence of a mistake or small error 
at any of the design or process steps may necessitate redesign 
or cause loWer yield in the ?nal semiconductor product, 
Where yield may be de?ned as the number of functional 
devices produced by the process as compared to the theoreti 
cal number of devices that could be produced assuming no 
bad devices. 
[0012] Improving time-to-market and yield is a critical 
problem in the semiconductor manufacturing industry and 
has a direct economic impact on the semiconductor industry. 
In particular, a reduced time-to -market and higher yield trans 
late into earlier availability and more devices that may be sold 
by the manufacturer. 
[0013] Semiconductor integrated circuit (IC) design and 
manufacturing processes have become increasingly challeng 
ing With each neW technology node. With ever decreasing 
feature siZes, increasing pattern densities, and dif?culty expe 
rienced in the advancement of IC manufacturing equipment, 
manufacturing of modern IC designs has encountered sub 
stantial impediments and concomitant yield problems Within 
the sub-Wavelength regime. Diffraction-limited imaging in 
the sub-Wavelength regime has caused the classical WYSI 
WYG (“What you see is What you get”) paradigm to disap 
pear. With the emergence of sub-Wavelength photolithogra 
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phy, the nonlinearity of the pattern transfer process onto 
semiconductor material such as silicon has increased dra 
matically. Due to this phenomenon, the effectiveness of the 
conventional IC design methodology has been signi?cantly 
eroded. 
[0014] In vieW of the Widening gap betWeen design and 
manufacturability in the sub-Wavelength regime, the use of 
optical resolution enhancement techniques (RET) such as 
optical proximity correction (OPC) are prevalent in many of 
the design and manufacturing schema to produce feature 
siZes of 0.18 pm and smaller. As the feature siZe decreases, 
distortion in the pattern transfer process becomes more 
severe. The design shapes must be modi?ed in order to print 
the desired images on the Wafer. The modi?cations account 
for limitations in the optical lithography process. In the case 
of OPC, modi?cations of the design image account for optical 
limitations as Well as mask fabrication limitations and resist 
limitations. Modi?cations of the design image can also 
account for the subsequent process steps like dry etching or 
implantation. It can also account for ?are in the optical sys 
tem, as Well as pattern density variations. Another application 
of proximity effect correction is the compensation of the 
effects of aberrations of the optical system used to print the 
image of the mask onto the Wafer. In this case, a mask With 
aberration correction Would be dedicated to a given lithogra 
phy tool as the aberrations are tool-speci?c. 
[0015] FIG. 1 illustrates the modi?cation of the mask data 
to correct for proximity effects. The processing of the mask 
data starts With a target layout 1 representing the desired 
dimensions of the image on the Wafer. The printed image 2 of 
the target layout 1 differs from the desired image due to 
proximity effect. For reference, the target image 1 is shoWn 
With the printed image 2. The edges of the features are then 
moved (3) so that the corresponding printed image on the 
Wafer 4 is correct (as close to the target as possible). In FIG. 
1, all the areas of the layout have been corrected, but different 
degrees of proximity effect correction aggressiveness can be 
applied to different regions depending on the criticality of the 
region in the integrated circuit. 
[0016] The corrections to layout 1 can be applied using a 
rule-based approach or a model-based approach. For a rule 
based approach (rule-based OPC, or ROPC), the displace 
ment of the segments Wouldbe set by a list of rules depending, 
for example, on the feature siZe and its environment. For a 
model-based approach (model-based OPC, or MOPC), the 
printed image on the Wafer Would be simulated using a model 
of the pattern transfer process. The correction Would be set 
such that the simulated image matches the desired Wafer 
image. A combination of rule-based OPC and model-based 
OPC, sometimes referred to as hybrid OPC, can also be used. 

[0017] In the case of model-based OPC, the original layout 
1 as shoWn in FIG. 2 is dissected into smaller segments 5 
shoWn in modi?ed layout 6. The stitch points of different 
segments are the dissection points. Each segment is associ 
ated With an evaluation point 7. The printed errors of the 
evaluation points are compensated by moving the corre 
sponding segment in a direction perpendicular to the segment 
as shoWn in the ?nal layout 8. The segments are corrected 
using multiple iterations in order to account for corrections of 
neighboring segments. 
[0018] The image quality can be improved by adding print 
ing or non-printing assist features along the edges of the main 
features. These assist features modify the diffraction spec 
trum of the pattern in a Way that improves the printing of the 
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main feature. The practical implementation of assist features 
is enhanced With the use of proximity effect correction as 
described above to correct for any optical printing artifact as 
Well as resist and etch artifacts. 

[0019] The image quality of an IC design layout can also be 
improved by another RET knoWn as phase-shifting masks as 
described in Us. Pat. No. 5,858,580, for example. In this 
case, at least tWo different regions are created on the masks 
corresponding to different phase and transmission of the light 
either going through these regions (for transparent mask) or 
re?ected by these regions (for re?ective mask). The phase 
difference betWeen the tWo regions is chosen to be substan 
tially equal to 180 degrees. The destructive interference 
betWeen adjacent regions of opposite phase creates a very 
sharp contrast at the boundary betWeen the regions, thus 
leading to the printing of small features on the Wafer. 
[0020] TWo main classes of phase-shifting masks are cur 
rently in use. For the ?rst class, the amount of light transmit 
ted for transparent masks (or re?ected for re?ective masks) by 
one region is only a portion of the light transmitted (or 
re?ected) by the other region, typically 5% to 15%. These 
masks are referred to as attenuated phase-shifting masks or 
half-tone phase-shifting masks. In some implementations of 
attenuated phase-shifting masks, some opaque regions (for 
transparent masks) or non-re?ective regions (for re?ective 
masks) are de?ned on the mask in order to block the light. 
This type of mask is referred to as a tri-tone mask. For the 
second class, the light transmitted (for transparent masks) or 
re?ected (for re?ective masks) by one region is substantially 
equal to the light transmitted (for transparent masks) or 
re?ected (for re?ective masks) by the other region. The sec 
ond class of masks includes the folloWing types of phase 
shifting masks: alternating aperture phase-shifting masks, 
chromeless phase-shifting masks, and rim phase-shifting 
masks. The practical implementation of these techniques is 
improved With the use of proximity effect correction as 
described above to correct for any optical printing artifact as 
Well as resist and etch artifacts. All the techniques can be 
combined With the use of assist features. 

[0021] Due to design rule constraints or other design deci 
sions, IC design layouts typically have small jogs or other 
imperfections. Moreover, jogs can be created after design 
completion With some design rule check (DRC), Boolean or 
layer operations, or process compensation (e.g., pre-compen 
sation or correction of etch loading effect). The existence of 
jogs or other imperfections increases the complexity of the 
original layout in terms of volume of data (e.g., there are more 
polygon edges, making edge-based operation more compli 
cated), Which subsequently complicates the layout process 
ing. For example, as shoWn in FIG. 2, the typical OPC tech 
nique involves a step referred to as “dissection”, or 
“fragmentation”, in Which polygon edges are broken into 
smaller segments, each of Which can be moved independently 
in order to meet the OPC objective. Most dissection schemes 
typically force dissection at polygon vertices, Which can be 
undesirable from the OPC perspective. 
[0022] Considered in more detail, FIG. 3 shoWs tWo 
examples. FIG. 3(a) illustrates a case in Which jogs are cre 
ated due to the sWelling of poly lines for contact enclosure. 
The dominant design rules are a contact enclosure margin and 
the siZe of the contact itself. In this example, eight vertices 9 
and six edges 10 are created as a consequence of the design 
rule constraint. Four ofthe neW edges (jogs)101, 103, 104, and 
106 are very small in length, Which do not represent true 
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design intent (i.e., it is not possible, and there is no need, to 
correct the printed image to folloW the jog). 
[0023] The other example shoWn in FIG. 3(b) illustrates the 
increase in complexity of layouts due to process bias. Process 
bias refers to a process applied during part of the lithography 
process, for example, the etch procedure, in Which the pat 
terns are further deformed dependent on a number of factors 
including the Width of the pattern, spacing of the pattern With 
respect to neighboring patterns, or pattern density in the sur 
rounding neighborhood. These effects need to be compen 
sated, usually by the application of biasing to affected edges 
in a rule- or model-based fashion before the application of 
RET). Application of process bias based on neighboring spac 
ing creates jogs on the straight poly line due to neighboring 
feature spacing variation. As shoW in FIG. 3(b), four neW 
vertices 9 and tWo jogs 10 are created. 
[0024] Existence of jogs or other imperfections generally 
causes increased complexity and de?ciency in OPC, because 
they do not represent the true intent of design. OPC tools can 
be con?gured to apply special treatment to exclude these 
special cases. HoWever, such an approach typically results in 
complex and error prone OPC set-up. 
[0025] One problem that the existence of jogs can cause 
becomes evident in connection With dissection. The existence 
of jogs, in the form of a pair of consecutive inner and outer 
corners, forces dissection at the polygon vertices in a manner 
similar to dissection of regular comers, as shoWn in FIG. 4. 
The difference, hoWever, is that regular comers exhibit comer 
rounding effects in the printed image, as shoWn in FIG. 4(b), 
Whereas jogs only cause a small tilt in the printed image 
Whose distortion is far less than the rounding effect. As a 
result, the control at a jog location is tighter than that at the 
corners. In many cases, the optimum OPC is achieved by 
dissecting not at the jog vertices, but by dissecting near them, 
as shoWn in FIG. 4(c). This is generally not possible With 
normal OPC Which is forced to dissect at vertices. 

[0026] Currently, most knoWn OPC techniques apply com 
plicated algorithms to cope With jogs as special cases. This 
not only causes complexity in OPC, but also may not resolve 
all cases. This may lead to some jogs that are not considered 
ahead of time and, hence, not handled properly, Which often 
necessitates reWork. This also requires a great deal of ?ex 
ibility in terms of controlling dissection for the OPC tool 
itself. 
[0027] In summary, OPC on real IC design layouts is often 
handicapped by the existence of nuisance jogs or other imper 
fections Which may be due to design rule or post-design 
processing such as DRC, process bias, or Boolean operations 
before OPC is applied. The existence of jogs forces dissection 
at jog locations Which are often not optimal, or simply miss 
ing dissection and correction When the jog is too small. 
[0028] Thus, it Would be desirable to provide an IC design 
layout processing system and method for performing layout 
processing Which overcome the above limitations and disad 
vantages of conventional layout processing systems and tech 
niques, for example, to solve the dif?culty in applying OPC 
dissection caused by jogs, and facilitate generation of IC 
designs having improved manufacturability. It Would also be 
desirable to provide a layout processing system and method 
that are simpler and more comprehensive than conventional 
systems and techniques currently used by OPC users, Which 
are based on mostly complex algorithms and enumeration of 
special cases and Which are generally more complicated and 
error prone. Further, it Would be desirable to provide a layout 
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processing system and method that can be applied even When 
the original data have jogs, for example, due to design rules, 
or are introduced by the application of process bias, for 
example. It is to these ends that the present invention is 
directed. The various embodiments of the present invention 
provide many advantages over conventional IC design meth 
ods and systems. 

SUMMARY OF THE INVENTION 

[0029] One embodiment of the IC design layout processing 
system and method in accordance With the present invention 
provides many advantages over conventional design systems 
and techniques, Which make the IC design layout processing 
system and method in accordance With various embodiments 
of the present invention more useful to semiconductor manu 
facturers. For example, various embodiments of the layout 
processing system and method in accordance With the present 
invention solve the OPC dissection problem caused by the 
existence of small jogs in the input IC design layout. One 
embodiment of the present invention uses the original pre 
bias layout for OPC dissection, While the post-bias layout is 
still used as the OPC target. Another embodiment of the 
present invention removes jogs before OPC, While maintain 
ing the original OPC target so that the OPC achieves the 
intended goals. Accordingly, the various embodiments of the 
present invention provide a methodology and a system that 
generate IC designs Which have enhanced manufacturability. 
[0030] The underlying principle of one embodiment of the 
present invention is to process problematic imperfections 
such as jogs in the IC design layout. One embodiment of the 
layout processing system and method in accordance With the 
present invention addresses IC design layouts in Which the 
original shapes have no jogs. A ?rst processing step (e.g., 
DRC, process compensation, selective ROPC, etc.) can create 
jogs, Which potentially creates a problem for a second pro 
cessing step (more than tWo steps are also possible, Where any 
step before the last step may create jogs, causing a problem 
for any of the subsequent steps). In accordance With one 
embodiment of the layout processing system and method of 
the present invention, the system: 

[0031] a. In a preparatory step (Which can be any step 
before the last step of a multi-step process), instead of 
directly modifying the shapes, creates “target” shapes as 
an annotation to the original shapes, Without modifying 
the original shape; and 

[0032] b. In a subsequent step (Which can be the last step 
or recovery step at any step in the sequence of steps after 
the preparatory step in a multi-step process) involves a 
“recovery” (e.g.,correction) Where the “target” annota 
tion created in the preparatory step is used to retarget the 
design objective (e.g.,OPC target) to recover the intent 
created by the ?rst step. 

The tWo steps may be implemented at the algorithmic level 
(e.g., a system that applies both steps, in Which the ?rst step 
does not directly modify the internal data, but adds properties 
to the original data, and the second step uses these properties 
to achieve retarget), or at the How level (e.g., a system con 
sisting of tWo modules, Which communicate by external data, 
e.g., GDSII, assuming the tWo modules do not share the same 
internal data format. The ?rst module does not directly 
modify input data, but instead creates additional data, e.g., an 
additional GDSII layer, to mark the “target”). 
[0033] Another embodiment of the layout processing sys 
tem and method in accordance With the present invention 
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addresses IC design layouts in Which the original shapes have 
jogs or other imperfections. A ?rst step removes jogs, and a 
second step recovers the original design intent. Similar to the 
?rst embodiment in accordance With the present invention, 
the system can also be implemented both at the algorithmic 
level (one system that removes jogs, retains original design 
intent by Way of creating “target” shapes, and applies pro 
cessing based on simpli?ed data, While recovering the origi 
nal intent by Way of retarget), or How level (one module that 
removes jogs and outputs the simpli?ed data together With the 
original design intent as additional “target” data, and a second 
module that reads the output data and applies processing 
based on the simpli?ed data, While recovering the original 
design intent by Way of retarget). 
[0034] The tWo embodiments may also be combined into a 
system and method that While applying a ?rst processing step 
(e.g., DRC, process bias, etc.), creates the neW data in the 
form of additional target data, and at the same time, removes 
jogs to simplify data and retains the original data in the form 
of additional target data. 
[0035] According to one preferred embodiment of the IC 
design layout processing system and method of the present 
invention, a layout processing system and method providing 
OPC dissect and correct layouts With imperfections such as 
jogs. The data generated by applying the OPC manipulation 
are then output. 

[003 6] The preferred embodiments ofthe layout processing 
system and method in accordance With the present invention 
solve the dif?culty in applying OPC caused by imperfections 
such as jogs. The application of the layout processing system 
and method in accordance With the present invention is sim 
pler and more comprehensive than OPC techniques that are 
currently used by OPC users, Which are based on mostly 
complex algorithms and enumeration of special cases and 
Which are generally more complicated and error prone. The 
layout processing system and method in accordance With the 
various embodiments of the present invention can be applied 
either When the original data have imperfections such as jogs 
or the imperfections are introduced due to application of 
design rules, for example. The principles of the present inven 
tion also apply to other RET, such as phase-shifting masks, 
and other layout manipulation techniques. 
[0037] The foregoing and other objects, features, and 
advantages of the present invention Will become more readily 
apparent from the folloWing detailed description of various 
embodiments, Which proceeds With reference to the accom 
panying draWing. 

BRIEF DESCRIPTION OF THE DRAWING 

[0038] The various embodiments of the present invention 
Will be described in conjunction With the accompanying ?g 
ures of the draWing to facilitate an understanding of the 
present invention. In the ?gures, like reference numerals refer 
to like elements. In the draWing: 
[0039] FIG. 1 illustrates modi?cation of IC design layout 
data to correct proximity effects; 
[0040] FIG. 2 illustrates the process How used for model 
based optical proximity correction (OPC); 
[0041] FIG. 3, comprising FIGS. 3(a) and 3(b), illustrates 
jogs in an IC design layout caused by either design or post 
design modi?cation; 
[0042] FIG. 4, comprising FIGS. 4(a) to 4(c), illustrates a 
jog and regular comers in an IC design layout; 
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[0043] FIG. 5 is a block diagram illustrating an example of 
an IC design layout processing system in accordance With one 
embodiment of the present invention; 
[0044] FIG. 6 illustrates OPC dissection applied to an origi 
nal IC design layout With a biased geometry boundary as a 
target; 
[0045] FIG. 7 illustrates dissection applied to an IC design 
layout using the original layout geometry boundary as a target 
and an example of OPC output; 
[0046] FIG. 8 compares dissection and correction results 
before and after jogs are removed; 
[0047] FIG. 9, comprising FIGS. 9(a) to 9(c), is a How 
diagram illustrating various embodiments of the method for 
layout processing including dissection and correction in 
accordance With the present invention; 
[0048] FIG. 10 illustrates an example of conventional OPC 
in comparison With layout processing in accordance With one 
embodiment of the present invention With OPC applied to a 
design layout in Which j ogs exist in the original layout, as Well 
as jogs introduced by process biases. 
[0049] FIG. 11 is a How diagram illustrating another 
embodiment of the method for layout processing including 
OPC dissection and correction in accordance With the present 
invention consisting of tWo steps, one that is rule-based, fol 
loWed by another that is model-based; 
[0050] FIG. 12 illustrates an example of an IC design layout 
having jogs to Which the method for layout processing includ 
ing phase-shifting masks is applied in accordance With the 
present invention; 
[0051] FIG. 13 illustrates an example of a jog created after 
design completion by design rule check (DRC) in Which the 
original design layout is dissected and correction is then 
retargeted to the layout created by DRC; 
[0052] FIG. 14, comprising FIGS. 14(a) to 14(d), illustrates 
a transistor ID/ Boolean layout; 
[0053] FIG. 15 is a system diagram illustrating tWo or more 
step processes in Which the earlier steps prefer simpler geo 
metrical shapes such as ones With no jogs or feWer vertices, as 
long the later steps can recover these changes, in accordance 
With the various embodiments of the present invention; and 
[0054] FIG. 16 shoWs an angled feature comprising a 
design layout. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0055] The present invention is particularly applicable to a 
computer-implemented softWare-based IC design layout pro 
cessing system for generating an IC design based on applica 
tion of, for example, optical resolution enhancement tech 
niques (RET) such as optical proximity correction (OPC) and 
phase-shifting masks (PSM) or design rule check (DRC), 
Boolean or layer operations, or process compensation (e.g., 
pre-compensation or correction of etch loading effect) to a 
design layout having or creating imperfections such as jogs, 
and it is in this context that the various embodiments of the 
present invention Will be described. It Will be appreciated, 
hoWever, that the IC design layout processing system and 
method in accordance With the various embodiments of the 
present invention have greater utility, since they may be 
implemented in hardWare or may incorporate other modules 
or functionality not described herein. 
[0056] FIG. 5 is a block diagram illustrating an example of 
an IC design system 11 for IC design layout processing in 
accordance With one embodiment of the present invention 
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implemented on a personal computer 12. In particular, the 
personal computer 12 may include a display unit 14, Which 
may be a cathode ray tube (CRT), a liquid crystal display, or 
the like; a processing unit 16; and one or more input/output 
devices 18 that permit a user to interact With the softWare 
application being executed by the personal computer. In the 
illustrated example, the input/output devices 18 may include 
a keyboard 20 and a mouse 22, but may also include other 
peripheral devices, such as printers, scanners, and the like. 
The processing unit 16 may further include a central process 
ing unit (CPU) 24, a persistent storage device 26, such as a 
hard disk, a tape drive, an optical disk system, a removable 
disk system, or the like, and a memory 28. The CPU 24 may 
control the persistent storage device 26 and memory 28. Typi 
cally, a softWare application may be permanently stored in the 
persistent storage device 26 and then may be loaded into the 
memory 28 When the softWare application is to be executed 
by the CPU 24. In the example shoWn, the memory 28 may 
contain an IC design tool 30 for IC design layout processing. 
The IC design tool 30 may be implemented as one or more 
softWare modules that are executed by the CPU 24. 
[0057] In accordance With various contemplated embodi 
ments of the present invention, the IC design layout process 
ing system 11 may also be implemented using hardWare and 
may be implemented on different types of computer systems, 
such as client/ server systems, Web servers, mainframe com 
puters, Workstations, and the like. NoW, more details of an 
exemplary implementation of the IC design layout processing 
system 11 in softWare Will be described. 
[0058] One embodiment of the present invention provides 
an IC design layout processing system and method for pro 
cessing an IC design tape-out, e.g., a GDS or OASIS ?le or a 
?le having another format. 
[0059] The IC design layout processing system and method 
in accordance With the various embodiments of the present 
invention remove or prevent creation of imperfections such as 
jogs in the IC design layout before applying RET, for 
example, While compensating for the changes by targeting the 
reference at the layout With all the jogs. The IC design layout 
processing system and method in accordance With the various 
embodiments of the present invention Will be better under 
stood by persons skilled in the art in vieW of the folloWing 
examples Which Will be described separately. 
[0060] One category of IC design layout includes original 
shapes Without imperfections such as jogs. A ?rst processing 
step (e.g., DRC, process bias, ROPC, etc.) can createjogs, 
Which potentially creates a problem for a second processing 
step (more than tWo steps are also possible, Where any step 
before the last step may create jogs, causing a problem for any 
of the sub sequent step s). In accordance With one embodiment 
of the present invention, the IC design layout processing 
system 11 provides: 
[0061] a. In a preparatory step (Which can be any step 
before the last step of a multi-step process), instead of directly 
modifying the shapes, it creates “target” shapes as an anno 
tation to the original shapes, Without modifying the original 
shape. 
[0062] b. In a subsequent step (Which can be the last step or 
recovery step at any step in the sequence of steps after the 
preparatory step in a multi-step process) involves a “recov 
ery” (e.g., correction) Where it uses the “target” annotation 
created in the preparatory step to retarget the design objective 
(e.g., OPC target) to recover the design intent created by the 
?rst step. 










